Due to the rise in prosthetic joint implantations, prosthetic joint infections (PJI) are increasing. Most PJI are treated outside the hospital setting via community-based parenteral antiinfective therapy (CoPAT) after initial surgical management, although little is reported about the short-term complications of CoPAT. We therefore ascertained the numbers of unanticipated readmissions, unplanned surgeries, and CoPAT complications within 12 weeks of hospital discharge in patients with PJI on CoPAT. We retrospectively reviewed the charts of 74 patients with PJI. Twenty-seven (73% of readmitted patients) were for unanticipated reasons within 12 weeks of hospital discharge; 16 (43% of readmitted) underwent an unplanned surgery. Nine patients (12% of total cohort) had CoPAT-related adverse events. Our data suggest patients with PJI on CoPAT represent a complex cohort that needs to be monitored closely for complications early after hospital discharge.
Introduction
Prosthetic joint implantations (PJI) lead to pain relief and improved function in most patients with inflammatory and degenerative arthritis. More than 750,000 prosthetic joints are implanted in the United States annually [1] . PJI are one of the most common complications of joint arthroplasty, along with aseptic loosening [14] and dislocation of prosthetic components [6, 12] . Rates of PJI in most centers currently range between 0.5% to 1% for hip arthroplasties [2, 13] , 0.5% to 2% for knee arthroplasties [2, 13] , and less than 1% for shoulder arthroplasties [9] . PJI cause significant morbidity and account for a substantial proportion of health care expenditures [4, 10] . Recent data suggest more than $25 billion is spent annually on management of PJI [1] .
Management of PJI is often difficult due to variable clinical presentations, a patient population with multiple comorbidities, and lack of high level studies on which to base standardized guidelines for therapy. Effective treatment of PJI requires a combined medical and surgical approach, usually with long courses of systemic antimicrobials. Often, intravenous antimicrobials are administered outside the acute care setting. Bone and joint infections are the most common indication for outpatient parenteral antiinfective therapy [3] . Zhan et al. have reported readmission rates of 12% after hip arthroplasty and 43% after knee arthroplasty at 1 year of followup [15] . To our knowledge, short term readmission rates in patients with PJI have not been evaluated.
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We determined (1) the frequency of early unanticipated readmissions in patients with PJI on CoPAT, (2) the frequency of unplanned surgeries, and (3) CoPAT-related complications in these patients.
Materials and Methods
In July 2007, we created a specialized bone and joint infection service as part of a multidisciplinary team for study of diagnosis, management, and prevention of PJI. The Bone and Joint Infection Study Group comprises infectious disease (ID) physicians and orthopaedic surgeons, microbiologists, pathologists, infection control practitioners, and pharmacists. The Bone and Joint Infection Service works closely with the CoPAT Team of Excellence. This team, convened for study and improvement of CoPAT processes and outcomes, comprised ID physicians, the vascular access team, inpatient case managers, and home health pharmacy and nursing representatives.
We retrospectively reviewed the medical records of 74 patients obtained from a CoPAT registry maintained at our institution, who were treated for PJI using CoPAT between July 1, 2007 and December 31, 2007. PJI were defined as presence of one or more of the following: clinical signs/ symptoms, purulence of synovial fluid or at the implant site, growth of the same microorganisms in two or more cultures of synovial fluid or periprosthetic tissue, acute inflammation on pathologic examination of periprosthetic tissue, and presence of a sinus tract communicating with the prosthesis [2, 11, 16] . CoPAT was defined as antiinfective therapy given intravenously in the community setting after hospital discharge; this designation in our institution is functionally equivalent to the term ''OPAT'' or outpatient parenteral antibiotic therapy. We included patients with at least 12 weeks of followup: 54 with outpatient followup and 20 who completed a telephone questionnaire. We considered only the first CoPAT episode per patient and excluded subsequent CoPAT episodes for the same patient. By protocol, laboratory monitoring was performed weekly and varied according to the antimicrobial agent used. All patients had outpatient followup scheduled before hospital discharge; timing of outpatient followup visits varied due to the geographic diversity of patient population and sites of outpatient care. Twenty patients were lost to followup after the index hospitalization; we located these 20 patients by phone to complete a voluntary questionnaire (Appendix 1) pertaining to readmission outside of our hospital system, reoperation and intravenous catheter related complications.
Data were collected from review of electronic health records. Patient demographic data included age, gender, body mass index (BMI), history of osteoarthritis, rheumatoid arthritis, diabetes mellitus (with HbA1c if available), immunosuppression, and prior history of PJI. Data were also collected about type of operative procedure during index hospitalization preceding CoPAT, type of joint involved with PJI, and microbial pathogens isolated in culture. CoPAT data included intravenous antimicrobials prescribed, duration of CoPAT and type of intravenous access. CoPAT complications assessed were timing and types of antimicrobial adverse effects and vascular access complications. Timing and reason for first readmission after index hospitalization were collected. Outcomes assessed were unanticipated readmissions, unplanned surgeries and CoPAT complications.
Index hospitalization was defined as the first hospital encounter when PJI were diagnosed during the study period. Immunosuppression was defined as presence of one or more of the following: underlying malignancy, posttransplant, autoimmune disease, being on 5 or more mg prednisone daily and/or other immunosuppressive agents at the time of index hospitalization. Acute kidney injury was defined as an abrupt (within 48 hours) absolute increase in the serum creatinine concentration of 0.3 mg/dL or more from baseline or a percentage increase in the serum creatinine concentration of 50% or higher [7] . Drug-induced hepatitis was defined as elevation of alanine aminotransferase (ALT) greater than two times the upper limit of normal from exposure to the presumed offending drug with no evidence of underlying liver disease, and normalization of ALT after stopping the drug [8] . Planned surgery was defined as a procedure that was expected to be performed at a defined interval after hospital discharge, for example the second stage of a two-stage arthroplasty. Unplanned surgery was defined as a procedure that was performed emergently or urgently after hospital discharge due to complications involving the prosthetic joint such as bleeding or infection. CoPAT start date was defined as the date of hospital discharge. CoPAT end date was defined as date of readmission to the hospital for any reason or date of completion of anticipated CoPAT.
Median age of the study population was 64 years (range, 25-88 years) and 54% were men. Median BMI was 33 (range, 18-64). Twenty-five patients (34%) had diabetes mellitus with a mean HbA1c of 6.9 (measured in 17 patients at index hospitalization). Forty-three patients (58%) had a prior history of PJI in the same joint (Table 1) . Most commonly involved prostheses were knees (47 patients, 63%), followed by hips (19 patients, 26%), shoulders (five patients, 7%), and others (three patients, 4%). Median CoPAT duration was 35 days (range, 2-80 days). Most patients had CoPAT administered via peripherally inserted central catheters (69 patients, 93%). The most common surgery performed immediately preceding CoPAT episode was first stage of a two-stage revision arthroplasty (39 patients, 54%) ( Fig. 1) .
Pathogens identified were coagulase-negative staphylococcus species (25 isolates, 23%), Staphylococcus aureus (23 isolates, 22%), other Gram-positive bacteria (15 isolates, 15%), Gram-negative bacteria (15 isolates, 15%), and others (25 isolates, 25%). Twenty-two patients (30%) had polymicrobial PJI.
The most common antimicrobial used for CoPAT was vancomycin (49 courses, 56%). Other antimicrobials used were oxacillin (nine courses, 10%), daptomycin (eight courses, 9%), piperacillin-tazobactam (six courses, 7%), cephalosporins (five courses, 6%), ampicillin-sulbactam (three courses, 3%), and others (eight courses, 9%). Eleven patients (15%) had CoPAT with more than one antimicrobial agent. JMP1 7.0 software (SAS Institute, Cary, NC) was used for generating survival curves using readmission as an endpoint. Planned readmissions were censored. We performed no other statistical analysis. Data were reported as numbers and percentages.
Results
Thirty seven of the 74 patients (50% of total cohort) were readmitted within 12 weeks of index hospitalization. Twenty-seven (73% of readmissions) were for unanticipated reasons (Fig. 2) , 10 (27% of readmissions) were for planned reoperation. Reasons for unplanned readmissions were: uncontrolled infection requiring unplanned surgery-16 patients (59% of unanticipated readmissions); worsening of existing comorbid conditions-eight patients (30% of unanticipated readmissions), which included altered mental status (two), heart failure exacerbation (one), hypertensive urgency (one), pancreatitis (one), acute renal failure (one), sickle cell crisis (one), systemic acidosis (one); and vascular access complications-three patients (11% of unanticipated readmissions). Nineteen (70% of unanticipated readmissions) occurred before CoPAT could be completed.
Unplanned surgery for uncontrolled infection was performed in 16 patients (59% of unanticipated readmissions). The median time to unplanned surgery was 37 days from index hospitalization.
There were 3 CoPAT complications leading to readmission (11% of unanticipated readmissions): two for deep venous thrombosis related to peripherally inserted central catheter, and one for vascular access related bacteremia. There were no readmissions related to antimicrobial adverse effects. Five of the 74 patients (7%) had documented antibiotic adverse effects (2.15 per 1000 CoPAT days) and four (5%) had vascular access complications (1.72 per 1000 CoPAT days), occurring at a median of 22 days and 8 days after discharge, respectively ( Table 2) .
Discussion
PJI represent a rising problem due to an increase in prosthetic joint implantation. In an era of cost containment, Fig. 1 The most common type of orthopaedic surgery performed immediately preceding CoPAT episode was 1st stage of a 2-stage revision arthroplasty (n = 74).
Vascular access complications 11%
Worsening comorbidities 30%
Unplanned surgery 59% Fig. 2 The most common reason for unanticipated readmission was an unplanned surgical procedure (n = 27).
Volume 467, Number 7, July 2009 Unanticipated Readmission in PJI 1729 patients usually complete their course of antibiotic therapy outside of the hospital. We determined the incidence and reasons for early unanticipated readmissions in patients with PJI on outpatient parenteral antiinfective therapy. The limitations of our study include that our institution is a large referral center with a high degree of patient acuity and case complexity, thus decreasing the generalizability of our results to smaller centers. Our retrospective study design with limited subcohorts precludes statistical analysis of efficacy of specific surgical management plans and evaluation of risk factors for unanticipated readmissions in our patient cohort.
A high number of patients in our study had an unplanned readmission within 12 weeks of index hospitalization (Fig. 3) . Unplanned readmission-free survival was 63% at 12 weeks of followup.
Long-term readmission rates in patients with PJI have been described. One such study looking at preoperative risks and outcomes after knee and hip arthroplasty in a population of Veterans Administration (VA) patients (from 1991 to 1997) reported readmission rates associated with PJI of 12% (n = 6876) in patients after hip arthroplasty and 43% (n = 11,710) in patients after knee arthroplasty at 12 months of followup, among other outcomes [15] . However, it is unclear how many of these readmissions occurred within 12 weeks of the index orthopaedic procedure.
A recent multicenter study found outpatient parenteral antimicrobial therapy suitable, cost-effective, and safe in bone and joint infections [5] . However, most of the population in this study received intravenous antimicrobials in hospital infusion centers rather than the community setting. Our study complements these prior data: none of our cohort received intravenous antimicrobials in infusion centers.
Taken as a whole, these findings underscore the complexity of management of PJI and the need for close monitoring and prompt management of early complications after hospital discharge. Our data suggest further investigation into risk factors leading to early complications during CoPAT for PJI, and for timely interventions to reduce these complications. According to a recent survey of ID physicians' involvement and experiences in outpatient parenteral antimicrobial therapy, investigators reported variable role of ID consultants and heterogeneity in oversight and management practices [3] . It is our belief and practice that multidisciplinary teams, such as the ones we have assembled in our institution, can contribute toward a patient-centered, standardized approach to surgical, medical, and case management issues in PJI. 
